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REPORT ORGANIZATION

VOYAGER PHASE B FINAL REPORT

The results of the Phase B Voyager Flight Capsule study are organized into
several volumes. These are:

Volume 1 Summary

Volume II Capsule Bus System

Volume III Surface Laboratory System

Volume IV Entry Science Package
Volume V System Interfaces
Volume VI Implementation

This volume, Volume III, describes the McDonnell Douglas preferred design for
the Surface Laboratory System. It is arranged in 5 parts, A through E, and bound in

8 separate documents, as noted below.

Part A Preferred Design Concept 1 document

Part B Alternatives, Analyses, Selection 3 documents, Parts Bl’
B2 and B3

Part C Subsystem Functional Descriptions 2 documents, Parts C1
and C2

Part D Operational Support Equipment 1 document

Part E Reliability 1 document

In order to assist the reader in finding specific material relating to the
Surface Laboratory System, Figure 1 cross indexes broadly selected subject matter,

at the system and subsystem level, through all volumes.
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VOLUME Il CROSS REFERENCE INDEX

VOLUME I} PARTS

SYSTEM/SUBSYSTEM

PART A APPENDIX A (TO PART A) APPENDIX B (TO PART A) PART B PART C PART D PART E
PREFERRED DESIGN ENVIRONMENTAL FUTURE MISSION ALTERNATIVES, ANALYSIS, SLS FUNCTIONAL OPERATIONAL SUPPORT RELIABILITY
CONCEPT REQUIREMENTS CONSIDERATIONS AND SELECTION DESCRIPTIONS EQUIPMENT

Objectives, Constraints — Sys-
tem Description, Sequence of
Operations, Subsystem Sum-
maries.

Trade Studies, Supporting
Anclyses, and Results

Subsystem Descriptions

Equipment, Software and Trode
Studies

Constraints, Analysis, Results,
Testing and Control

Surface Laboratory System

Objectives Section 1 1.1 Environmental Design 1.1 Exploration Strategies - _ 1. Introduction & Objectives _
Criteria
Constraints Section 2 11 (E:r{‘;ir?nmenicl Design 1.1 Exploration Strategies _ - 2. Requirements & Constraints } - Eeliubili;y Constraints
. riteria — Program Requirements
Mission Profile Section 3.1 1.5 Mission Environmental 1.2 Mission Profile 4.7 Extended Mission
. Conditions - - -
4.1 Sequence 1.3 Source of Environmental 2 — Mission Analysis 8. Software 2 — Failure Mode, Effects,
Operations 4.2 Timeline Porameters - - Criticality Analysis
Y
4.3 Contingency Modes 3 ~ Quantitative Estimates
1.2 General 1 — Study Approach & Analysis 3. Preterred Approach 5 —~ Component Part
1.4 Environmental Design 3 - System Functional 3.2 Design Concept Reliability
General 3.2 Configuration Requirements - Requirements - 6 — ASHE & Servicing
X 4 — Major Trade Studies E quipment
Design 7 — SC Mounted SL.S Equipment
10. Analyses & Trade Studies
Stondardization/Growth | 11 - Summary - . - - 4.3.8,4.5.8 -
Weight/Physical
e C,:/;;f::e'isﬁ:s 5 - Summary & Supporting Data - 1.6 Constrgints - - 4.3.3,4.4.3, 453 -

Reliability

6 — Philosophy, Implementa-
tion, Definitions

4.6 Resource Allocation

4.3.6,4.4.6,4.5.6

Planetory Quarantine

7 - Contomination Anclysis,
Design for Sterility

1.6 Sterilization & Decontami-
nation

OSE

8 ~ General Description

Complete OSE Description

3.3 Equipment Summary

4 — System Level Support
Equipment

4.38TC

4.4 LCE

4.5 MDE

Interfaces (Also See Volume V)

9 ~ System Interface Summary

4.3.5,44.5,455

_Implementation

10 — Scheduie & Program

(Also See Volume V1) Summary - 4.3.7,4.4.7,4.5.7 -
4.3 Analysis of SL 5 ~ SL Subsystems Level
Alternatives Complete Subsystem Func- Test Equipment
Major Subsystems Section 3.3 - - 5 — Subsystem Studies omplete Subsystem Func 5.9 Automatic Processor -

tional Descriptions

5.10 Miscellaneous
9. Equipment Summary

Electrical Power

3.3.1 — Requirements, Equip-
ment Description &
Operation

1.4 Major Considerations

5.1 Power Studies

Section 1

5.3 EPS Test Set

See Part C - Section 1

3.3.2 - Requirements &

4.4 In-Flight Monitoring &

2.1 Sequencer & Timer

5.4 Sequencer Subsystem Test

Sequencer Description - _ Checkout 2.2 Test Programmer Set See Part C — Section 2
5.2 Sequencing & Timing
Studies
Control 33.3 ~ Requirements & _ _ 5.3 High Gain Antenna

Description

Pointing Studies

Section 3

See Part C —~ Section 3

Telecommunications

3.3.4 — Requirements &
Description

5.4 Telecommunications
Studies

4. Radio Subsystem

5. Antenna Subsystem

6. Command Subsystem

7. Telemetry Subsystem
8. Data Storage Subsystem

5.5 TCM Test Set

See Part C — Sections 4, 5, 6,
7.and 8

. : 3.3.5~ Reqmts & D ipti _ _ 4.2 Leveli 9. Structure _ .
Structure (Including Mechanisms) 3356 _ﬂc;“is::‘"p fon 55 Sfruct:::l/“ A 10. Mechanical See Part C — Sections 9, 10
Pyrotechnic 336 - Requifenjon's & - - Section 5.6 Section 11 5.8 Pyro Initiation Test Set See Part C - Section 11
Description
Packaging ond Cabling 3.3.7 — Description - - Section 5.7 Section 12 - See Part C - Section 12
Thermal Control 3.3.8 — Description - 1.5 Major Considerations Section 5.8 Section 13 5.7 TCS Test Set See Part C ~ Section 13

Science

3.3.9 - Sequence &
Description
3.3.9.4 - Integration

1.3 Major Considerations

2 - Stationary Laboratories

3 - Extended Sample Gathering

4 - Mobile Loboratories

5 ~ Mobile Systems
Performance

4.1 Science Integration

4.5 Independent Data Pockage
Study
5.9.1 Science Data Subsystem
5.9.2 Sample Acquisition &
Processing
5.9.3 Science Instruments

14.1 Science Data Subsystem

14.2 Sample Acquisition &
Processing Equipment

14.3 Science Instruments

5.6 Science Test Set

See Part C -~ Section 14
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PART E

RELIABILITY

A summary of Engineering Reliability studies and results are contained herein.
Significant attention was given to: 1) satisfying the constraints, 2) failure mode,
effect and criticality analyses, 3) quantitative reliability estimates, 4) relia-
bility program requirements and 5) component part reliability.

Reliability has been a key discipline in the VOYAGER system design for the de-
velopment, integration, and selection processes of our preferred concept. "First
time success'" and capability for degraded mode operation were the key objectives
that guided the reliability analyses. Each design concept was examined in detail
to determine its contribution toward achieving these objectives. This was accomp-
lished by utilizing four analytical and modeling techniques:

a, Fallure Mode, Effect, and Criticality Analyses

b. Reliability-Weight-Effectiveness Analyses

c. Mission Effectiveness Model

d. Conceptual tradeoff studies

The most significant of these used by engineering reliability was the single-
point failure modes, failure effects, and failure criticality analyses. With this
technique, critical or potential single-point failure modes were identified early
for the various engineering concepts. These analyses indicated the need for speci-
fic redundancies, so that no potential single failure mode could have a catastro-
phic effect on the mission, and to assure at least a degraded mode of operationm.

The selection of the specific type of redundancy (functional, multi-channel,
or block) was guided by the failure criticality of the mission event or equipment
function. Incorporation of specific redundancies was influenced by the availability
of a prime resource -- weight. The reliability-weight-effectiveness analyses re-
sulted in the incorporation of redundancy in the most effective manner to meet the
specific mission objectives. Results of these analyses led to the incorporation
of seventy-one redundancies thereby resulting in an estimated probability of success
of our preferred Surface Laboratory concept of 0.776.

Recognition of equipment sensitivity to long-life storage (in transit) envir-
onment was also taken into consideration in our design. Alternate engineering de-
sign concepts were evaluated to determine their compatibility with decontamination,
sterilization, and Martian environments.

The study revealed that the following reliability program elements must receive
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increased major attention throughout the program:
a. Detail failure mode, effect, and criticality analyses
b. Specially planned parts and materials program
c. Positive failure evaluation and corrective action

d. Comprehensive design reviews
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SECTION 1

VOYAGER RELIABILITY CONSTRAINTS

The VOYAGER reliability program constraints were identified by a study of the
mission objectives, environmental requirements and predictions, mission profile
analysis, total program constraints, and conceptual design studies. The results of
this study emphasized the following four constraints which received major reliability
attention.

a. No catastrophic single failufe mode

b. Long-life storage

c. Unique environmental factors
d. Degraded mode capability

1.1 NO CATASTROPHIC SINGLE FAILURE MODE -~ The VOYAGER Capsule Systems Constraints

and Requirements Document specifies 2 desi

ntial single-
failure mode shall cause a catastrophic effect on the mission. Compliance with this
requirement necessitated the identification, evaluation, and resolution of all poten-
tial catastrophic failure modes. This was accomplished by using results of our
failure mode, effect, and criticality analyses.
1.2 LONG-LIFE STORAGE -~ Conservative designs, including possible material degrad-
ation, influenced our concept selections. Specific details are discussed within
the functional descriptions of each subsystem.
1.3 UNIQUE ENVIRONMENTAL FACTORS - The effects of decontamination, sterilization,
and the Martian atmosphere and surface properties are unique to the VOYAGER program
and were considered in the concept designs to minimize the resultant effect on system
reliability.

The system design incorporated the estimated extremes of these characteristics
(Reference Volume III, Part A, Appendix A); therefore, for conditions less severe
than these extremes, the probability of reliable operation is significantly increased.
1.4 DEGRADED MODE CAPABILITY -~ A design requirement of system and subsystem concepts
was to provide for degraded mode operational capability if primary operational failures
occurred. This capability has been provided throughout the design to assure at least
some measure of success for unexpected circumstances. For example, partial engineering
and science data transmission or retrieval is provided even if the high-rate SL trans-
mitter operates in a degraded mode. In the event of total failure of the high rate
transmitter, the low rate transmitter (solid state) provides reduced engineering and
science data transmission. Specific design details are discussed within the functional

descriptions of each subsystem.
11
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SECTION 2

FAILURE MODE EFFECTS AND CRITICALITY ANALYSIS (FMECA)

Continual engineering reliability analyses were used in identifying and eval-
uating the failure modes and failure effects of the candidate concepts. Evaluation
of the failure mode criticality led to redundancy considerations. These analyses
identified the potential single point failure modes. The analyses also provided
many design redundancy considerations which are tabulated in Figure 2.0-1.

2.1 TFMECA METHOD - The method of performing the FMECA was to first identify the
mission objectives;

a. Achievement of Flight Capsule landing

b. Performance of Entry Science experiments

c. Performance of Landed Science experiments

d. Measurement of transmission of engineering data
After identification of the mission objectives, the candidate concepts were eval-
uated by

a. Identifying the major component or function

b. Identifying their failure modes

c. Classifying the effects of the failure modes
The depth of the analysis was confined to the detail of the design. In most cases
design detail was available down to the component or function level. Figure 2.1-1
is a FMECA performed on the Surface Laboratory Telecommunications subsystem and is
representative of the methodology used for all the subsystems. Other major sub-
system FMECA's are presented within the subsystem functional descriptions, reference
Part C of Volume III. The numbers in the failure category column classify the
effects as:

(1) No effect on the mission objective.

(2) Degrading effect on mission objective.

(3) Possible catastrophic effect on mission objective.

Classifications 3-2, 2-1, 3-1, etc., indicate the limits over which the failure
effect may vary depending on the degree of failure or the time of occurrance in
the mission.

2.2 TFMECA RESULTS ~ Several failure modes, identified by the subsystem FMECA's,
had significant effects on the achievement of the mission objectives. These modes
are tabulated in the failure mode, effects, and criticality summary, Figure 2.2-1,

together with the recommended solutions.
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DESIGN CONCEPT REDUNDANCY CONSIDERATIONS

SURFACE LABORATORY
FUNCTION

PRIMARY
CONCEPT

REDUNDANCY
CONSIDERATION

REDUNDANCY

TYPE OF

Provide power to SL

Transfer SL to and from
FS power during inter-
planetary cruise

Heating of SL. equipment area
during interplanetary cruise

Encode engineering data for
teiemetering

Sample engineering data for

telemetering during inter-
planetary cruise

Turn-on SL Test Programmer

while in Mars Orbit
Perform SL Checkout while
in Mars Orbit

Sense Touch-Down on

Surface of Mars

Switch SL to Landed Mode

Turn on SL Command Receiver

Single battery

MOS command

Battery heat

Single cruise encoder

Single cruise commutator

CB Test Programmer

SL Test Programmer

SL Impact Sensor

SL impact Sensor

SL Impact Sensor

Provide four batteries, with
chargers, sized for worst case
mission.

Provide SL voltage sensor to
automatically place SL batteries
on line when FS power is absent
remove from the line when F$
power is present.

Provide resistance heaters

Standby redundant cruise
encoder

Standby redundant cruise
commutator.

Series redundancy of elements
in each sampling channel to
prevent loss of commutator
function by loss of a single
channel.

Provide MOS command backup

Provide MOS command backup
Provide standby redundant
SL test programmer

Provide redundant impact sensors

Provide redundant impact
sensors
Provide CB impact sensor
backup

Provide CB S&T command
backup

Provide CB impact sensor

Multichannel

Functional

Functional

Block

Block

Multichannel

Functional

Functional

Block

Multichannel

Multichannel
Multichannel

Functional

Multichannel

REPORT F694 « VOLUME III
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Provide SL. S&T command Functional
backup
Provide CB S&T command Functional
backup
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DESIGN CONCEPT REDUNDANCY CONSIDERATIONS (Cont.)

SURFACE LABORATORY
FUNCTION

PRIMARY
CONCEPT

REDUNDANCY
CONSIDERATION

REDUNDANCY,

TYPE OF

Turn on SL Telemetry and
Science Data Subsystems

Sequencing of SL. Mission
Events

Sense Martian Local Vertical
for Antenna Pointing

Transmission of SL data to
Earth

Receive Earth Commands

Radiation of RF Energy to
Earth

High Gain Antenna Pointing

SL impact sensors

SL sequencer and
timer

Pendulous vertical sensor

High rate radio link

eSingle command receiver

High gain antenna

Inertial acquisition and
tracking

Provide CB Impact sensor
backup

Provide SLL S&T command
backup

Provide CB S&T command
backup

Provide MOS command
backup

Provide redundant SL sequencer
and timer |

Provide MOS command

backup

Provide redundant activation
signals, spaced in time, to
redundant output drivers

Provide monopulse Earth track

Provide MOS command to per-
form matrix search

Provide standby redundant high
rate radio link
Provide low rate radio link

Provide redundant command
receiver

mplement redundant components
within command receiver

Provide redundant medium gain
fixed antenna
Provide low gain fixed antennas

Provide monopulse Earth track
Provide MOS command to per-
form matrix search

Provide sun sensing backup
for antenna pointing

Multichannel
Functional
Functional

Functional

Multichannel
Functional

Multichannel

Functional

Functional

Block
Functional

Multichannel

Multichannel

Functional
Functional

Functional
Functional

Functional
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DESIGN CONCEPT REDUNDANCY CONSIDERATIONS (Cont.)

SURFACE LABORATORY PRIMARY REDUNDANCY TYPE OF
FUNCTION/EVENT CONCEPT CONSIDERATION REDUNDANCY
Function
Excitation of High Rate Single exciter Provide standby redundant Block
Radio Link exciter
Provide low rate radio link Functional

Heating of SL Equipment
and Experiments

Storage of Engineering and
Science Data for Delayed
Time Telemetering

Panoramic Imaging of Martian

Surface

Deploy and Release
Experiments

Collect Martian Atmospheric,
Biological and Soil Data

Event
Turn on Surface L aboratory
Telemetry Subsystem

Turn on Surface Laboratory
Test Programmer

Turn Off Surface Laboratory
Telemetry Subsystem

Turn Off Surface Laboratory
Test Programmer

Switch Surface Laboratory
Sequencer and Timer to

Landed Mode

Resistonce heaters

Tape recorder

Facimile camera

Pyrotechnic

each science data
classification

Surface Laboratory
Test Programmer

Capsule Bus Test
Programmer

Surface Laboratory
Test Progrommer

Surface Laboratory
Test Programmer

Surface Laboratory
Impact Sensor

Individual experiment for

backup

Provide redundant resistance
heaters

Provide standby redundant tape
recorder

Provide memory core storage
backup for tape storage

Provide redundant facimile
comeras

Provide dual cartridges

Provide redundant experiments
(i.e. four in situ modules)
Provide alternate experiments
to determine each class of
science data

MOS Command

MOS Command

MOS Command

MOS Command

e Capsule Bus Impact Sensor
e Capsule Bus Sequencer and
Timer

Multichannel

Block

Functional

Multichannel

Multichannel

Multichannel

Functional

Functional

Functional

Functional

Functional

Functional
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DESIGN CONCEPT REDUNDANCY CONSIDERATIONS (Cont.)

SURFACE LABORATORY
EVENT

PRIMARY
CONCEPT

REDUNDANCY
CONSIDERATION

TYPE OF
REDUNDANCY

Turn on Surface Laboratory
Command Receiver, Tele-
metry, Science Data Sub-
system

Activate Surface Laboratory
Pyrotechnic Charging
Capacitor

C.:a L €. L__ | _L_
YWIiTChH ouitdce LUuo

ory
Telemetry to Day/Night Mode

Turn On Surface Laboratory
Low Rate S-Band Trans-

mitter

Update Surface Laboratory
Timer

Release and Pivot Surface
Laboratory Low Gain An-
tenna Mast

Turn On High Gain Antenna
Control Subsystem

Uniock High Gain Antenna

Initiate High Gain Antenna
Erection Sequence

Release Subsurface Probe,
Surface Sampler, and Deploy
In Situ Experiment Modules

Start In Sity, Soil Analysis,
Atmospheric Properties,
Subsurface Probe, Spectro-
radiometer, Surface Sample
Collection and Processing
Experiments

Surface Laboratory
Impact Sensor

Surface Laboratory
Impact Sensor

C .. Lo | _L___
QUTTUCS L GDOTa
a

Yy
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

Surface L aboratory
Science Data Sub-
system

Surface Laboratory
Sequencer and Timer

Surface L aboratory
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

Surface Laboratory
Science Data Subsys-
tem

Surface Laboratory
Science Data Subsys-
tem

o Capsule Bus Impact Sensor

o Surface Laboratory Sequencer
and Timer

o Capsule Bus Sequencer and
Timer

o Surface Laboratory Test
Programmer

e Capsule Bus Test Programmer

o Capsule Bus Impact Sensor

o Surface Laboratory Sequencer
and Timer

o Capsule Bus Sequencer and
Timer

e Surface Laboratory High Gain
Antenna Subsystem

e MOS Command
Capsule Bus Sequencer and
Timer

MOS Command

MOS Command

MOS Command

MOS Command

MOS Command

MOS Command

MOS Command

Functional

Functional

- e 1
Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional
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DESIGN CONCEPT REDUNDANCY CONSIDERATIONS (Cont.)

SURFACE LABORATORY
EVENT

PRIMARY
CONCEPT

REDUNDANCY
CONSIDERATION

TYPE OF
REDUNDANCY

Start Low Resolution Visual
Imaging, Metabolism, Growth
Experiments

End Low Resolution Visual
Imaging

Turn On High Rate S-Band

Tronsmitter

Start Medium Resolution
Visual Imaging, Surface
Sampler Collection, Soil
Anglysis, Gas Chromatograph
Calibration, Subsurface Anal-
ysis, Atmospheric Analysis,
Soil Volatiles Analysis.

End In Sity, Soil Analysis,
Atmospheric Properties,
Subsurface Probe, Spectro-
radiometer, Surface Sample
Collection and Processing,
Metabolism Growth, Medium
Resolution Visual Imaging,
Surface Sampler Collection,
Soil Analysis, Gas Chromao-
tograph Calibration, Subsur-
face Analysis, Atmospheric
Analysis, and Soil Volatiles
Analysis Experiments

Turn Off High Rate S-Band

Transmitter

Turn Off Low Rate 5-Band

Transmitter

Switch Surface Laboratory
Telemetry to Day Mode

Switch Science Data Sub-
system to Terminal Opera-
tion Mode

Surface Laboratory
Science Data Subsys-
tem

Surface Laboratory
Science Data Subsys-
tem

Surface Laboratory
Sequencer and Timer

Surface Luborﬁfory
Science Data Subsys-
tem

Surface Laboratory
Science Data Subsys-
tem

Surface Laboratory
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

Surface Laboratory
Sequencer and Timer

MOS Command

MOS Commoand

MOS Command

MOS Command

MOS Command

MOS Command
MOS Command
MOS Command

MOS Command

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional
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Figure 2.1-1 (Continued)
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FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS SUMMARY

COMPONENT
OR FUNCTION

FAILURE MODE

FAILURE EFFECT

CRITICAL
MISSION PHASE

RECOMMENDATION

Electrical Power

Main Batteries

(four)

Battery Chargers
(four)

Resist ance Heaters

Degraded or no
output

%ailue to charge
batteries during
interplanetary
cruise

and Thermostats

Resistance
Heaters

Thermostats

Heat Pipe

Radiators and
Pipes

Control Valves

Sequencer & Timer

DC-DC Converter

Master Oscillator

Failure to provide
adequate thermal
output

Foilure to provide
adequate thermal
control

Failure to dissipate

he at{Martian Day)

Dissipation of heat-
er thermal output

(Martian Night)

No output
No output

No output

equipment generated

Degraded mission
(dependent on mis-
sion energy require-
ments)

Degraded mission
(dependent on mis-
sion energy require-
ments)

Degradation of
temperature ef-
fected equipments
and experiments

Degradation of
temper ature ef-
fected equipments
and experiments

Degradation of
temperature ef-
fected equipments
and experiments

Degraded mission
due to excess
night power for
heaters

All timed events
fail to occur

All time d events
fail to occur

Landed mission

Interplanet ary
cruise

Landed mission

Landed mission

Landed mission

Landed mission

Landed phase

Landed phaose

Provide four surface
laboratory batteries
sized for worst case
mission.

Provide backup capa-
bility by using capsule
bus power during landed
mission.

Provide four surface
laboratory batteries
sized for worst case
mission.

Provide backup capa-
bility by using capsuie
bus power during landed
mission.

Provide redundont
resijstance heaters

Provide redundont
thermostats

Provide redundant
heat pipes

Provide redundant
control valves

Provide redundant DC-
DC converter, Provide
MOS command backup.
Provide active redun-
dant oscillators. Pro-
vide MOS command
backup.

I----—----n-
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FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS SUMMARY (Continued)

COMPONENT
OR FUNCTION

FAILURE MODE

FAILURE EFFECT

CRITICAL
MISSION PHASE

-—T

Memory Buffer
Register

Decrementers
and zero detectors

Frequency
Dividers

Telecommunications

Cruise
Commutator

Cruise Encoder

Clock Generator

Failure to allow
dota transfer to or
from memory

Failure to decrement]
memory time word

Failure to detect
zero

Fails to divide

Group, subgroup
or individual data
channel inoperative

(shorted)

Inoperative or digital
bit errors

Inoperative or
Unstable

[oss of all timing
functions other than
frequency generator

All timed events
fail to occur

All timed events
fail to occur

All timed events
fail to occur

L oss of engineering
data

Loss of all engi-
neering data if
inoperative

Loss of all engi-
neering & science
data if inoperative

Landed phase

Landed phase

Landed phase

Landed mission

Interplanetary cruise

Interplanetary cruise

Landed mission

RECOMMENDATION H

Provide duplexed
memories and
registers

Provide MOS com-
mand backup

Provide triple re-
dundant zero detec-
tors with majority
voter

Provide MOS com-
mand backup
Provide triple re-
dundant zero detec-
tors with majority
voter

Provide MOS com-
mand backup

Provide triple re-
dundant frequency
dividers with
majority voter
Provide MOS com-
mand backup

Provide series re-
dundant data switches
to prevent loss of
commutator function
by loss of a single
channel

Provide standby
redundant encoder
to be switched by
Earth command

Provide redundant
temperature compen-
sater crystal con-
trolled clocks
Provide free running
capability for exter-
nal synchronization
from SL Sequencer
and Timer
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FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS SUMMARY (Continued)

COMPONENT
OR FUNCTION

FAILURE MODE

FAILURE EFFECT

CRITICAL
MISSION PHASE

RECOMMENDATION

Power Converter

Programmer and
Experiment
Controller

High Gain

Antenna

High rate
transmitter

Command receiver

Inoperative or
degraded output

Inoperative or
partial loss

of sequencing and
control

RF breakdown

Mechanical damage
(impairing RF
radiation)

Failure of inertia
pointing

No power output
or degraded output

inoperative or de-
graded output

Loss of all engi-
neering & science
data if inoperative

Loss of all engi-
neering & science
data if inoperative

Loss of high rate
radio link

Partial loss

of high rate engi-
neering and science
data

Loss of high rate
radio link

Total or portial
loss of engineering
and science data

Loss of MOS
commond capability

Landed mission

Landed mission

Landed mission

Landed mission

Landed mission

Londed mission

Landed mission

Provide active
redundant load shar-
ing circuit componenty

Provide decentrali-
zation of sequencing
and control func-
tions for minimum
failure effect

Provide low gain
antenna for use by
low rate radio link

Provide low gain
antenna for use by

low rate radio link

Provide monopulse
Earth tracking
mode

Provide MOS com-
mand to perform
matrix search
Provide sun sensor
for antenna point-

ing
Provide low rate
radio link

Provide redundant
gyros and gimbal
drive motors

Provide standby
redundant TWTA
Provide stoandby
redundant
exciter

Provide low rate
radio link

Provide active
redundant circuit
components in
Command Receiver
Utilize tracking
receiver for limited
backup capability
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FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS SUMMARY (Continved)

COMPONENT
OR FUNCTION

FAILURE MODE

FAILURE EFFECT

CRITICAL
MISSION PHASE

RECOMMENDATION

Tape Recoder

*’yrofechnics

In-Situ Experi-
ment mortars

Explosive
Releases

IExperiments

Facsimile
Comera

In-Situ Specific
Life Detectors

Atmospheric

Pressure
Transducer

Atmospheric

Temperature
Transducer

Atmospheric
Humidity
Sensor

Inoperative in
record or playback
modes of operation

Failure to deploy
in-situ specific
life detectors

Failure to
release high gain
antenna for
tracking, atmos-
pheric data probe,
surface and sub-
surface probes

Failure to provide
panoramic imaging
of Martian suyrface

Failure to deploy
in-situ life
detector packages

Fails to detect

pressure

Fails to measure
temperature

Fails to measure
atmospheric
moisture content

Loss of all de-
layed engineering
and science data

Failure to obtain
in-situ life data

Loss of high
gain radio link,
partial loss of
atmospheric and
surface dataq,
loss of sub-
surface data

Failure to obtain
video data

Failure to obtain
specific life data
at locations remote
from landing
location

Failure to obtain

Martian surface
pressure

Failure to obtain
Martian surface
temperature

Failure to obtain
Martian surface
humidity data

Landed mission

Landed mission

Londed mission

Landed mission

Landed mission

Landed mission

Landed mission

Laonded mission

Provide core mem-
ory storage back-
up for tape recoder
Provide functional
redundant tape
recorder

Provide redundant
cartridges in pyro
devices

Provide redundant
cartridges in pyro
devices

Provide redundant
facsimile cameras

Provide four
independent in-situ
specific life
detector packages
and associated
mortars

Provide redundant
otmospheric pressure
transducer

Utilize ESP pressure
transducer data

Provide redundant
temperature trans-
ducers

Utilize ESP temperature
transducer data

Provide redundant
humidity sensor
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FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS SUMMARY (Continued)

COMPONENT
OR FUNCTION

FAILURE MODE

FAILURE EFFECT

CRITICAL

MISSION PHASE

RECOMMENDATION

Anemometers

Spectro-

Radiometer

Alpha Spectro-
meter

Gas Chromatograph

Sub-surface

Probe

Surface sample ac-
quisition Equipment

i

Fails to detect
wind velocity
and direction

Fails to function

Fails to function

Fails to function

Fails to function

Fails to function

Failure to obtain
Martian surface
**wind’’ data

Failure to obtain
Martian isolation
and surface
spectral character-
isiics and surface
thermal radiation
measurements

Failure to obtain
Mortian soil element
analysis

Failure to obtain
otmospheric and
subsurface gas
analysis and sub-
surface soil analysis

Failure to obtain
sub-surface tem-
perature and gas
samples

Failure to obtain
alpha spectrometer
data, gas chromato-
greph soil analysis
and failure to obtain
growth and life
detector measure-
ments except by
in-situ life detectors

Landed mission

Landed mission

L.onded mission

Landed mission

Landed mission

L.anded mission

Provide *‘high speed’’
and ‘‘low speed’’
anemometers

Provide three direc-
tional **hot wire’’
anemometers

Provide one OMNI
**hot wire'’ anemometer
Provide standby
redundant directional
and OMNI| anemometers

Provide *‘narrow angle’’
and “*wide angle’’
spectro-radiometers

Provide internal
standby redundancy

Provide standby re-
dundant double length
column for soil
analysis. Perform
computer optimization
to permit change in
flow rate or temper-
ature to compensate
for failure to obtain
desired temperature
or flow rate.

Provide multiple
thermocoupies to
detect sub-surface
temperatures.

Provide ‘*drag line’*
surface sampler
to complement

surface sampler
’lboom'.
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2.3 REDUNDANCY - Redundancy was necessary to meet the criterion that no potential
single failure mode shall cause a catastrophic effect on the mission and also to
assure a high level of success in achieving the mission objectives. An initial prime
requirement for the Flight Capsule design was to find an optimum breakdown, arrange-
ment, or interlacing of subsystems. By such means, it was desired to have a number
of subsystems provide backup to other subsystems to achieve functional redundancy.
Such benefit, although in degraded mode, is accomplished without the expense of added
weight. This approach is not based on equipment duplication but rather upon being
able to accomplish the function in an alternate manner. As a result, functional

redundancy is our preferred approach, wherever practical. Three types of redundancies

were considered and criteria for effective allocation of these redundancies was developed.

2.3.1 Types of Redundancies — Three redundancy schemes were studied and utilized in

the system design. Each type of redundancy has its particular advantages. The
decision to use one or another required careful consideration of the particular
application and its possible consequences.

a. Alternate Path or Functional Redundancy Method - This redundancy is

characterized by providing two or more physically different but functionally
identical methods to accomplish a function. The prime objec¢tive in employ-
ing this method is to provide at least two separate and independent paths

by which critical operations may be performed. This type is the preferred
choice because it offers greater protection against generic failure modes
and unknown environmental stresses. It can be designed into the system

at relatively low penalty in terms of weight, volume, power, and system
complexity.

b. Cooperative Multi-channel Methods - This redundancy is characterized by

dividing the equipment for performing the function into two or more indepen-
dent portions in such a manner that some portion can fail and the function
can still be performed with minimum or no degradation. This type is the
next choice because no failure detection or switching features are required
with this method. It is normally designed into the system at a moderate
penalty in weight, volume, and power.

c. Ordinary Block or Element Redundancy Method - This redundancy is character-

ized by the paralleling of two identical units in which failure of the
operating unit is sensed and identical equipment is switched in to accom-
plish the function. This type is the least desirable because both units

are susceptible to the same failure modes if exposed to overstressed

2-24
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conditions. It also requires the addition of a detection and switching
unit therefore providing the least overall reliability improvement. In
addition, parallel units with a detection and switching unit more than

doubles the weight and increases power requirements.

2.3.2 Reliability Versus Weight - The FMECA led to many suggested possibilities

for the incorporation of redundancies. However, the addition of redundancies rep-
resents a corresponding weight increase. Thus, an initial criterion for decision
on redundancy incorporation needed to be established. This criterion was a require-
ment for achieving maximum increase in reliability with a minimum weight increase.
An jillustration of the implementation of this criterion is shown in Figure 2.3.2-1.
The failure rate (A) for each component, system or subsystem must be utilized

in establishing the non-redundant reliability (Ro) from the equation:

Y

AL

R0 =e 3 (lnRo = At)
Then the reliability improvement for each subsequent change (AlnR) was calculated
by:

Ri = elnRo+ AlnR; AlnR = 1nRi - lnR0

Preference was given the component with the lowest weight increase for an incremental
change in reliability (AW/AlnR) followed by units of increasing AW/AlnR. Utili-
zation of this criterion resulted in the redundancy considerations shown in

Figure 2.3.2-2 and indicated the potential reliability improvement as shown in
Figure 2.3.2-3. This technique of redundancy considerations as applied to the
Surface Laboratory, placed equal emphasis on the achievement of each mission object-
ive. The competing characteristics of the Performance and Design Requirements for
the 1973 mission indicates that equal emphasis should not be placed on each mission
objective. Therefore, an additional analytical technique was needed based on the
priority of these objectives. Fulfillment of this need was accomplished by an

effectiveness analysis study for the redundancy consideratioms.

2.3.3 Effectiveness Analysis - The effectiveness analysis study is the adaptation

of a technique which evaluated the redundancy in terms of the achievement of the
mission objective. The equation developed was:

E = V1 R1 + V2 R2 + V3 R3

2-25
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where V Value index for the achievement of landing

1
V2 = Value index for the performance of Entry Science experiments
V3 = Value index for the performance of Landed Science experiments
and, Rl = Reliability index for the achieved landing
R, = Reliability index for the performance of Entry Science experiments
2 y P
R3 = Reliability index for the performance of Landed Science experiments

Based on the competing characteristics criterion described in the "Specification

for Performance and Design Requirements for the 1973 VOYAGER Mission", it was estab-
lished that the value index should have the relationship V1 + V2 + V3 = 1 and

Vl > V2 > V3. An effectiveness model was developed and is described and shown in
Part B Section 4.6 of Volume III.

As an example of the results of this analysis, Figure 2.3.3-1 shows a tabu-
lation of the priority rating for redundancy considerations based on the assign-
ment of value indices: Vl = .40, V2 = .35 and V3 = .25. Comparisons of redundancy
considerations from a reliability versus weight analysis and an effectiveness

analysis are tabulated in the same Figure.

2.3.4 Summary of Selected Redundancies - Engineering judgment and the effective-

ness analysis results were used as the criteria for selecting the preferred system
concept redundancies. The primary criterion, engineering judgment, required back-up
capability for the performance of all critical mission events. This capability

was provided regardless of the efficiency of weight increase to reliability improve-
ment. After providing this capability, the selection of additjonal equipment re-
dundancies was guided by the effectiveness analysis. The seventy-one (71) redund-
ancies selected for the preferred concept are tabulated in Figure 2.3.4-~1. Fifty-

nine (59) are functional and consequently added minimal weight.

2.3.5 Redundancy Implementation Policy - The basic redundancy implementation policy
was modified as a result of the effectiveness analysis. Prior to this analysis,
equal emphasis was placed on the redundancy considerations for Capsule Bus, Entry
Package and Surface Laboratory. As the design concepts evolved, it became apparent
this policy of equal emphasis must be modified to most effectively utilize a prime
resource--weight. Therefore the effectiveness analysis technique was used as the

redundancy implementation policy.
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SECTION 3

QUANTITATIVE RELTIABILITY ESTIMATES

The primary purpose of the reliability estimates is to show relative com-
parisons of reliability potentials of the many concepts considered, rather than
to accurately predict the reliability of a given concept or the preferred concept.
3.1 RELIABILITY ESTIMATE METHODS - The methods used in performing reliability
estimates for the studies were maintained consistent with the level of design
maturity., The primary elements neceséary for establishing a quantitative re-
liability estimate are discussed in the following paragraphs.

3.1.1 Mission Profile Analysis - The mission profile presented in the VOYAGER

Specification was examined in detail and a representative mission for the Surface
reliability estimates. Mission events were ex-
amined to determine the possible effect of the events on subsystem reliability.
This examination resulted in the establishment of failure rate modifiers to be
applied in determining an equivalent mission duty cycle. The mission events and
applicable failure rate modifying factors are listed in Figure 3.1.1-1. Modifying
factors are shown for both operating and non-~operating equipment. The factors
depict the significant relative environmental and application stresses for the

different events.

3.1.2 Subsystem Configuration Definition -~ A necessary step in the computation

of a reliability estimate is to determine the function and operations of the sub-
system and its major components or assemblies. This was accomplished by a study
of the subsystem functional block diagram. A typical subsystem functional block
diagram is illustrated by Figure 3.1.2-1.

From this information a reliability logic diagram was prepared for the sub-
system. This is a "success path'" diagram showing those components and/or sub-
assemblies which must function in order for the subsystem to successfully complete
its mission. The reliability diagram expands in detail as the design matures. A
typical reliability block diagram is illustrated by Figure 3.1.2-2.

3.1.3 Failure Rate Determination — With a subsystem reliability diagram defined,

the next step in performing a reliability estimate was to determine a failure
rate for each item or block in the reliability diagram. For the less complex sub-
assemblies and/or components which appear in the diagram, the historical failure

rate of a similar item was used. The parts count technique, as illustrated by
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VOYAGER MARS MISSION PROFILE AND FAILURE RATE MODIFYING FACTORS
FOR RELIABILITY ANALYSIS

' MISSION EVENT TIME MODIFYING FACTOR MODIFIED TIME -t
. (HRS) PERATING|INON-OPERATING | OPERATING]INON-OPERATING

' EQUIPMENT| EQUIPMENT EQUIPMENT EQUIPMENT
t aunch 0.20 150 150 30 30
Parking Orbit 0.54 1 .0l .54 0054

' interplanetary Injection 0.09 3 3 .27 .27

| {Powered Flight)
Interplanetary Cruise 5424 i 0.01 5424 54.24
(222 days + 4 days)
Trajectory Corrections 0.10* 3 3 .30 .30

. {Powered Flight)
Orbit Insertion 0.10* 3 3 .30 .30
(Powered Flight)

‘ ' Orbit Cruise 105 1 .01 105 1.05
(7.5 Orbits)
De-orbit Maneuver 0.02 3 3 .06 .06

' (Powered Flight)
Orbit Descent 5 1 01 5 05
Enfry . .10 6 6 .60 .60

' Terminal Descent Aero 0.02 3 3 .06 .06
Terminal Descent Prop 0.02 6 6 12 12

' Impact .01 | 3,000 3,000 30 30
Landing Erection .02 3 3 .06 .06
Landing Operation

. Exterior <50 5 .01 <250 5

Interior < 5 1 .01 ) B 50
. “ Estimate
. Figure 3.1.1-1
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SL SEQUENCER AND TIMER SCHEMATIC BLOCK DIAGRAM

Data Data Ready
Clock Data Request
Digital
Data
Interface
Data Resuest M‘ﬂ
Data Ready o Memory Stack
«-'———— Te|emetry x & Y D - rs
Data interface R e A
l e Sense Amplifiers
Clock o Inhibit Drivers
1 E
Data Ready Timing and J
Data Reque st Command .CO""OI Memory
Data Link ¢ Register Data ) Buffer
M |n'erf°ce Con'enf Confrol .
Clock e Memory Read Register
' Write Control l T
e Address Comparator
Sensor Inputs o Validity Check D
i Sensor ® Decoding.’Converting ec:’e;enter
" Interface ik o Frequency Counting one cero
Detector
" 32 Discrete
aster Output
Oscillator e P — Output e eerend
1.92 MHz Interface
Reguloted
DC Voltages
To All Units
DC/DC p Reference =t 1/240 H:
= owe e
DC Power Conve:er Defect;r —P! Frequency 1.0 H:
EEEEEE——— an - interface | ’ 1 KHz
Regulator —p 38.4 KHz

Figure 3.1.2-1
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SURFACE LABORATORY SEQUENCER & TIMER RELIABILITY MODEL

;’DC_DC Converter and Regubator T T T T T T T T T T T T T T T T T T
|
P | R.Fl Chopper Transformer Bias Voltage(+) Bias Voltage (-) Logic Voltage Power
| Filter Regulator Regulator Regulator Detector
|
|
|
|
[T e
[
|
|
|
Command Diaital ' Memory Buffer Register et e |T
e Lrgiia 1 and Content Control Ty One Bit Telemetry o
Link Data T ond M Read” Binary N D
Interface Interface ne Nemory Xea Converter Memory Gating C
i Write Control o
|
|
!
I
_____________ J
rTiming and Control
I
|
|
|
| .
l Speed-Up Speed Frequency Divider Reference C?wand Link and P
Control Control Divider (= 10) Frequency Digital Dato ‘ A
| Counter Gates i . Dividers Gating and Control
|
|
I
|
|
O
______________________________ ————— - —
i—Memory _]l I Discrete Qutput Interfac:
| ||
! |
| ! :
[ | .
'y [TIVITIra Sense Inhibit Core Discrete
. ey D + ’ I
1 X" Drivers Y Drivers Amplifiers Drivers Stack I i Output Gates
| |
l ||
| | :
| | l
| |
b o o ———— e ————— e — — J -

Figure 3.1.2-2
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Figure 3.1.3-1, was used for all other assemblies and/or components. Average failure
rates were used for the different component parts with no attempt to predict part
derating or environmental stresses internal to the assembly. To insure good relative
comparisons of the estimated reliability of competing concepts, a list of standard
failure rates for electrical and electronic piece parts was established and used for
all parts count estimates. This same technique can be extended to include the effects
of part derating and operating environments as the detailed design of the assemblies
materializes. The part count technique provides an effective tool for determining
areas in which reliability can be improved by effective part derating or by incor-
porating redundancy within the assembly.

3.1.4 Subsystem Reliability Estimate - The final step in arriving at a subsystem or

concept quantitative reliability estimate was to combine the above elements. Figure
3.1.4-1 illustrates one technique for arriving at the subsystem estimate. A modified
time (tm) was determined for each subassembly by applying the modifying factors as
previously shown in Figure 3.1.1-1 to the mission duty cycle of the subassembly.
This time (tm), for time dependent items, was then multiplied by the failure rate
of the item to find the mission failure rate for each item. The summation of these
mission failure rates gives the subsystem mission failure rate. The subsystem mission
reliability was determined by use of the formula

R = e-Aqn
3.2 RELIABILITY ESTIMATE LIMITATIONS - The limitations of quantitative reliability
estimates must be recognized if results are to be interpreted properly. Quantitative
estimates for system and subsystem reliability made during this concept definition
phase have accuracy limited by the level of design maturity. Quantitative reliability
estimates are a valuable input to early design decisions and will become more and more
significant as the design becomes more detailed. The emphasis will gradually shift
from comparative estimates toward predictive estimates as the design evolves, with the
failure mode, effect and criticality analyses being of primary importance in design
shaping.
3.3 SUMMARY OF RELIABILITY ESTIMATE RESULTS - The primary use of the quantitative
reliability estimates has been for comparative evaluation of competing subsystem
concepts rather than to predict the actual reliability of a given concept or the
preferred concept. A quantitative reliability estimate was a standard input to
major design trade studies and was a major factor in many decisions. The estimates

have served to highlight areas for reliability improvement. The reliability
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PARTS COUNT ESTIMATE
SURFACE LABORATORY SEQUENCER AND TIMER

MEMORY SUBASSEMBLY

QUANTITY FAILURE RATE
COMPONENT o) X x 106 /hr (n) A x 108

“X"" Drivers

Integrated Circuits 4 .10 .400

Transistors, Siiicon 32 .05 1.600

Resistors, Carbon 64 oM .064
“Y’" Drivers

Integrated Circuits 2 .10 .200

Transistors, Silicon 16 .05 .800

Resistors, Carbon 32 .001 .032
Sense Amplifiers

Integrated Circuits 24 .10 2.400

. Inhibit Drivers

Transistors, Silicon 48 .05 2.400

Resistors, Carbon 96 .001 .096
Core Stack

Cores 3072 .003 19.216

Subassembly Failure Rate = Sn A = 17.208 x 10~%
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RELIABILITY ESTIMATE
SURFACE LABORATORY SEQUENCER AND TIMER

oyt | ours | FASEERTE | X
DC-DC Converter and 173 3.1277 541
Regulators -
Memory 173 17.208 2977
Crystal Oscillator 173 .833 144
Memory Buffer Register 173 3.000 519
Sensor Interface 173 416 72
Decrementer and Zero 173 .500 87
Detector
Telemetry interface 173 .104 18
Command Link Interface 173 .104 18
 Digital Data Interface 173 .104 18
Reference Frequency 173 .104 18
Interface
Timing & Control 173 18.200 3149
Power Detector 173 .043 7
Output Interface 173 4.064 703
2= 8270
R-e ~2Mn - 9918

G G &) &b & AP G G = G \Y &N N a a O e = =

Figure 3.1.4-1
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estimates were a necessary input to the reliability versus weight and effective-
ness analysis.

A quantitative reliability estimate of the selected Surface Laboratory
configuration has been computed and is presented in Figure 3.3-1. This estimate
indicates that the telecommunication subsystem, electrical power subsystem and
experiments will collectively have the greatest influence on Surface Laboratory

reliability.
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ESTIMATE SUMMARY

VOYAGER SURFACE LABORATORY EQUIPMENT RELIABILITY

MISSION
SUBSY STEM RELIABILITY
ESTIMATE

Telecommunication 920

Telemetry

Radio

Antenna

Command

Data Storage

Instrumentation

Science Data
Electrical Power .985

Power Switching and Logic

Battery Chargers

Main Batteries
Sequencer and Timer 991
Thermal Control .993
Staging .999

Experiment Deploy and Release
Experiments 871
Surface Laboratory Equipment Reliability 776
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SECTION 4

RELIABILITY PROGRAM REQUIREMENTS

The Phase B study has revealed several reliability program elements which
must receive increased major emphasis throughout the program. These elements
are: 1) Failure modes, effects, and criticality analysis, 2) Specially planned
parts and materials program, 3) Positive failure analysis, evaluation and correc-
tive action, and 4) Comprehensive design reviews.

4.1 FAILURE MODE, EFFECTS, AND CRITICALITY ANALYSIS - FMECA is a powerful re-
liability technique for highlighting potential design weakness. It must be a
primary continuing reliability task performed concurrently with the detail design
and operational contingency analysis. The FMECA carried to the detail level pro-
vides the basis for design considerations which minimize mission failures or de-
gradation.

4.2 PARTS AND MATERIALS PROGRAM - The decontamination, sterilization, and long-
life requirements demand the need for a specially planned parts and materials
program. This program must provide for the selection, testing, and control of
parts and materials to assure that the parts and materials meet these environ-
mental and life requirements and do not compromise equipment reliability.

4.3 TFAILURE EVALUATION - "Failures'" or performance irregularities must be exped-

iently and positively identified, analyzed, and corrective action taken. This

assures that no problem remains unidentified and immune to maximum corrective effort.

4.4 DESIGN REVIEWS - In depth design reviews must be conducted on all elements of
the Surface Laboratory System. The design review process must also place equal
emphasis on the review of the operational support equipment compatibility with the
system and/or subsystems. The compatibility must be clearly evaluated by design
review to assure that the interface design of the operational support equipment

and flight equipment will not compromise the launch constraints.
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SECTION 5

COMPONENT PART RELTABILITY

Recoé;izing that system reliability is influenced by the characteristics and
application of the component parts, we have devoted our Phase B effort to: (1)
determining the elements of a realistic component part plan , and (2) initiating
certain elements of this plan.

The elements of the plan are:

a. An Approved Parts List (APL) listing those parts demonstrating ability

to meet VOYAGER Capsule Bus requirements.

b. Specification control for all parts.

c. Parts Application Manual for electrical and mechanical parts.

d. Parts Test Program.

e. Traceability program.

During Phase B we have begun work on elements a, b, ¢, and d as reported
in the paragraphs immediately following.
5.1 APPROVED PARTS AND MATERIALS LIST - During Phase B, a preliminary Approved
Parts List (APL) was issued and used by the design functions as a guide where
part information was required to conduct meaningful implementation studies. The
data used to generate the list were taken from JPL Document ZPP-2010-SPL-C,
"Electronic Parts Sterilization Candidates for Spacecraft Application.” 1In
addition an Approved Materials and Processes List was prepared based on data
available to us from many sources and from in-house testing. Only those parts,
materials and processes which exhibited evidence of meeting the VOYAGER Flight
Capsule requirements were included in these lists. These two lists are McDonnell
Douglas Reports F189 and E936, respectively.

The APL includes tabulations of specific electrical and mechanical parameters
to aid the design groups in proper part selections for particular applications.
The APL subdivides the parts into three categories.

a. High Reliability - These parts are VOYAGER preferred parts which have been

subjected to long term failure rate life tests and have established
low failure rates.

b. Preferred Parts - These parts are tested and qualified for use in the

VOYAGER Flight Capsule environment.
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c. Nonstandard - These parts are Special or Limited application, and receive

specific testing and justification for use.

It is recognized that modification to the Approved Parts, Materials and
Processes Lists will be required as the VOYAGER Program progresses. The continuing
component part reliability program plan for the Phase C and D effort is detailed
in Part C, Section 10 of Volume VI.

5.2 SPECIFICATION - Several special specifications were produced for the
VOYAGER Flight Capsule Program during the Phase B study in preparation for the
Phase C design effort. These specifications delineate the part requirements and
the approved sources of supply. Approved sources of supply candidates were sel-
ected from JPL Document .ZZP-2010-SPL-C.

To mininize duplication, a two level specification system is used as
described below:

a. General Specification - A specification covering the general require-

. cvs
ments for generic types or families of parts.

P
b. Detail Part Drawings - A specification delineating the detail requirements

for a specific part.

Examples of existing specifications are as follows:

a. General Specification, VOYAGER Flight Capsule, Semiconductors, Transis-
tors, Diodes and Integrated Circuits (207-780003)

b. Detail Part Drawing, Integrated Circuit, Flip-Flop, RST (207-780007)

c. Detail Part Drawing, Semiconductor, Diode, General Purpose, Power,
Silicon (207-780004)

d. General Specification, VOYAGER Flight Capsule, Capacitors, Fixed
(207-780005)

e. Detail Part Drawing, Capacitor, Fixed, Ceramic (207-780009)

The Semiconductor General Specification and the Integrated Circuit Detail Part
Drawing are included in Appendix (A) as examples.

The procedure established for the issuance of additional specifications is
given in the component part, material and processes program plan, Part C,
Section 10 of Volume VI.

5.3 APPLICATION MANUAL - Part parameter control alone is not sufficient to
assure satisfactory operation of the part. Our approach for the VOYAGFR Flight
Capsule System places equal emphasis on use of the best part and best use of the

part. In conjunction with the Approved Parts List, a Parts Application Manual
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was initiated in Phase B as a guide for the design groups, and is discussed in
more detail inm Part C, Section 10 of Volume VI. The following information as
a minimum is included in the manual:

a. Function of the part

b. Application considerations and liﬁitations

c. Electrical characteristics

d. Environmental limitations

e. Failure modes

f. Failure rates

g. Physical properties

h. Packaging, mounting and handling limitations

5.3.1 Electrical Considerations - In order to assure high reliability designs,

conservative derating of electrical stress for component parts is necessary.
These derating factors were established and included in the initial issue of
our applications manual. The following are examples of derating factors used:

a. Integrated Circuits - Fan-in and fan-out shall be such that the power

dissipation shall not exceed 50 percent of maximum ratiug.

b. Power Transistors - Power dissipation shall not exceed 30 percent of

rated maximum, base and emitter currents shall not exceed 75 percent
of rated maximum, and voltages shall not exceed 75 percent of rated

maximum.

c. Wire Wound Resistors (1 percent tolerance and up) - Power dissipation
shall not exceed 50 percent of rated maximum.

These derating values are generic, and further evaluation is required for
each individual part within the general part category.

5.3.2 Mechanical Considerations - Consistent with the level of detail design

existing in the Phase B study, a review of the packaging, mounting, and environ-
mental factors affecting parts was performed and comparisons made with the
part limitations. The following items were considered in the review:

a. Thermal inertia

b. Thermal conductivity

¢. Thermal radiation on adjacent parts

d. Vibration

e. Encapsulation

f. Mounting

g. Interconnection
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This type of review must continue in depth as the design proceeds into
Phase C and D.

The results of the review and results of mechanical and process tests
provided the data for proper parts applications, and was reflected in the Approved
Materials and Processes List and in the Parts Application Manual.

5.4 TESTING - Tests were conducted prior to and during Phase B to evaluate the
effects of heat sterilization and decontamination cycles and shock. These tests,
involving thirteen part types, resulted in very few failures.

a. Power diodes failed due to dessicant liberating moisture during the
heat cycle. Although a large percentage of one diode type group
exhibited high reverse current leakage, none of the failures resulted
directly from the sterilization or shock environment.

b. Powdered iron core inductors failed when subjected to shock beyond
that expected in the Flight Capsule.

Tlover 2 e e A e 4
rOT 4 summaiy discussi

on
Volume VI.

Several insulation and encapsulation materials are presently being evaluated
in our laboratories sterilization temperature, operating temperature and at a
pressure of 10-10 Torr to assure that outgassing and sublimation will not create
hazards to the part or surrounding parts.

5.4.1 Qualification - During Phase B, we have examined the required qualification

testing to assure that all parts are suitable for the VOYAGER Flight Capsule
requirements. Qualification testing must be performed and will include all
environments deemed necessary to qualify the parts. The particular number of
qualification samples will be selected in accordance with individual parameters,
environments and failure rate requirements. Qualification environment will
include heat sterilization temperatures, decontamination (ETO) atmospheres, shock,
humidity, vibration, acceleration and others necessary to assure compliance with
VOYAGER requirements. Part parameter limits consist of attribute as well as

variables data. The required testing is reflected in the part specifications.

The amount and degree of testing required is tempered by informqtion acquired
during previous programs or received from cooperating agencies, such as the
Interservice Data Exchange Program (IDEP) and Parts Reliability Information Center/

Appollo Parts Information Center (PRINCE/APIC).

S5-4
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processes and inspection points are identified by the applicable internal specifi-
cation including revision date. Subsequent to acceptance of the flow chart,
changes must be reported by the supplier before shipment of parts incorporating
process changes. Although this requirement is not expected to prevent

changes in the manufacturer's processes, it establishes a baseline upon which an
evaluation can be made of process changes as they occur on parts procured after
the initial qualification of the manufacturer. Single lot procurement is used
where practicable by the subcontractors. (All parts required for the system

are purchased at one time and are from the same lot as the qualification sample.)

5.5.2 Subcontractor - Subcontractors are subject to the same controls as those

used internally at the prime contractor. The subcontractors are monitored to
ensure conformance. Part selection by the subcontractor is limited to those parts

included in the VOYAGER Approved Parts List established and maintained by the

rime contractor. TIn order to arts not on the approved ligt

n
r

jge]

for revising the Approved Parts List is discussed in Part C, Section 10 of
Volume VI.

Subcontractors are required to keep McDonnell apprised of all part application
and selection activities. This information, coupled with the prime contractor's
own part experience, is disseminated to all subcontractors to minimize parallel

effort and encourage consideration of parts already proven by test.

5.5.3 Traceability - Traceability requirements provide for the identification

of a particular piece part or group of parts through all phases of assembly and
testing. All parts will be identified with either a serial number or lot number.
Serial numbers willbe used on critical parts only and will be minimized to the
greatest extent possible. The traceability document (207-780002) prepared
during our Phase B activity, lists the following parts as requiring serialization.

Transistors - power, field effect and RF

Diodes - microwave, varactor, controlled rectifiers

Integrated circuits

Tubes

Crystals
All other parts will be identified by lot number for traceability.

Any failures or deficiencies are isolated to the part level and proper correc-
tive action taken. All failed parts are subjected to failure analysis to determine
failure modes. After failure modes are identified, an analysis of the test data

will enable determination of the proper corrective action.
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1. SCOPE
1.1 This specification establishes the general requirements for semiconductor,
transistors, diodes and integrated circuits suitable for use in Voyager
application. Specific requiremsnts for e particular semi-
conductor device are listed in applicable detail part drawings.
2, APPLICABLE DOCUMENTS
2.1 The following documents, of the issue in effect on the date of invitation
for bids, form a part of this specification to the extent specified herein:
SPECIFICATIONS
Military
MIL~3-19500 Semiconductor Devices, General Specification
MIL-G-4 5204 Gold Plating (Electrodeposited)
NPC 200-3 Inspection system provisions for Suppliers of
Space Materials, Parts, Components and Service
Mclonpell
.’. 207-7680011 Visual Inspection Criteria, Voyager Flight
Capsule Semdconductor Devices
STANDARDS
Military
MIL-STD-130
MIL-STD-202 Test Msthods for Electronic and Electrical
Component Parts
MIL-STD-750 Test Methods for Semiconductor Devices
MIL~STD-1276 Weldable lLeads for Electronic Component Parts
®
DRAWN W;ﬂf APPRD %-!m SP’ECIFICATI{EE REV]| moDEL [vouL Ang.V
& £ SEMICONDUCTORS, TRANSISTORS,
w JCHECK APPRD DIODES AND INTEGRATED CIRCUITS.
g MCDONNELL DRAWING NO. |SHEE
x JAPPRD APPRD ST. LOUIS, MO 207-780003 2

MAC 1202A (REV 4 AUG 61)
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REVISED:

A 4

3.
3.1

3.1.1

3.1.2

3.2

3.3

3.4

3.5

Conformance. The individual types of semiconductors shall conform to the
detailed requiremsnts specified in the applicable McDonnell detail part
drawing and this specification.

Conflicting Reguirements. In the event of conflict between this specifica-
tion and the documents referenced herein, the order of precedence shall be
as follows:

a. Purchase Order

b. Applicable McDonnell Detail Part Drawing
¢. This Specification

d. RNASA/Government Specification

e. Mlitary Specifications.

Beference to Detajl Part Drawing. For purposes of this specifimtion, when
the term "specified" or "as specified” is used without reference to a
specific location the intended reference is to the McDonnell detail part
drawing.

Qualification. Semiconductor devices furnished under this specification
shall be a product which has been tested and passed the qualification and
acceptance tests specified herein.

Request for Deviation. Any change from the requirements of this specifica-
tion, or applicable documents listed herein, shall be considered a
deviation. Request for a deviation shall be submitted in writing to
McDonmnell. Materials and processes used in the fabrication and assembly of
the semi-conductor qualification test samples shall be documented at the
time of qualification and any subsequent material and process changes for
these parts shall be forwarded to McDomnell. Manufacturer shall obtain
McDonnell approval before shipment of any parts for Voyager Flight Capsule
application containing such changes.

Loads and Terminal Material/Finish. The lead material used shall comform
to MIL-STD-1276, as applicable. The leads shall not show evidence of base
metal corrosion after completion of the environmental tests specified
herein,

The finish of the semiconductor case shall exhibit no peeling or cracking
of the body surface area, of the marking, or of the color coding after
completion of all tests performed thereon.

Mochanical Characteristica,

The mechanical characteristics of the semi-conductor shall be as specified
herein and in the detail part drawing.
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3.5.1

3.6

3.6.1

3.7

3.7.1

3.7.1.1

3.7.1.2

lead and Terminal Test. Each semiconductor shall be capable of with-

standing the pull test, bend test, twist test, torque test and soldering
heat test as specified in the detail part drawing without physical damage
to the leads, terminals or the semiconductor body, and without degradation
of the semiconductor electrical characteristics.

Electrical. Semiconductor electrical performance characteristics shall
be as specified in the detail part drawing. Semiconductors furnished to
the requiremsnts of this specification shall have met the qualification
and acceptance inspections specified in 4.2 and 4.3.

Maximup Ratings. Semiconductor maximum ratings shall be as specified in
the detail part drawing.

Enviropmental. Semiconductors shall operate within the limits as specified
in the detail part drawing before and after being subjected to the environ-
mental conditions outlined in 3.7.1 thru 3.7.11.

Sterilisation and Decoptamipation. Semiconductors shall operate within the
limits as specified in the detail part drawing after being subjected to
heat sterilisation and ethylene oxide decontamination.

Heat Sterilisatjion, Sterilisation shall consist of six separate cycles of
heat ut a maximm temperature of 135°C. in a nitrogen atmosphere. The
nitrogen shall have an initial dew point prior to heating of no greater
than minus 54°C and the gas shall possess a purity so that no more than
50 parts/million of extranecus products shall be contained within the gas.

The total time of application of the environment is 96 hours per cycle .‘

(the time at the stabilized 135°C is 92 hours per cycle). Each item
shall be at an initial temperature of 20-25°C prior to the begimning of
each cycle, Performance tests and other evaluation criteria for determin-
ing the effects of the environment on the units shall be as specified in
the detail part drawing.

Decontamination. Devices shall meet the end point test limits of group B
sub-group 2 before and after the ethylene oxide decontamination test.
This test shall consist of six (6) separate cycles at a temperature of
50 + 5°C and an enviromment of 88% Freon and 12% ethylene oxide at 50%
relative humidity and a concentration of 600 m.g./liter of gaseous atmos~
phere. A test cycle shall consist of:

a. ] bour during which the temperature is increased to 50 t 5°C and the
air atmosphere is msintained at 50% R.H.
b. 21 to 24 minutes during which the atmosphere is evacuated to 70 torr.
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3.7.1.2 (Continued)

c. 27.5 hours during which the atmosphere is maintained at 50% R.H, with
a concentration of 600 m.g./liter of 88/12 mixture of Freon 12 and
ethylene oxide.

d. 15 minutes - evacuate to 70 torr. and permit temperature to fall.

e, L5 minutes - permit temperature to fall to 20-25°C by introducing
ambient air.

3.7.2 High Temperature Storage. Semiconductors shall operate within the limits
specified in the detall part drawing after being tested in accordance with
Method 1031.1 of MIL-STD-750. The ambient temperature for this test shall
be 200°C minimum,

3.7.3 Jemperature Cycling. Semiconductors shall operate within the limits as
specified in the detail part drawing after being tested in accordance with
Method 1051.1 of MIL-STD-750 (Test Condition C, Method 107 of MIL-STD-202)

3.7.4 Mojsture Resistance. Semiconductors shall opsrate within the limits as
specified in the detail part drawing after being tested in accordance with
Method 1021.1 of MIL-STD-750 {Method 106, MIL~STD=~20Z2, omititing Step 7B
and the initial 24 hour soak period.)

3.7.5 Hermetic Seal. Semiconductor shall not exhibit leak rates in excess of
1 x 108 atm ~ cc per second when tested in accordance with 4.3.3.4.

"' 3.7.6 Shock. Semiconductors shall be capable of operation within the limits as F‘
specified in the detail parts drawing after being tested in accordance with
Method 2016.1 of MIL-STD-750, A total of 30 impacts shall be applied in
each of three mutually perpendicular planes (10 impacts each plane).

3.7.7 Vibration. Semiconductors shall be capable of operation within the limits
specified in the detail part drawing when subjected to the Vibration Test
Method 2046 of MIL-STD-750.

3.7.8 Low Temperature Operating., Semiconductors shall be capable of operating
within the limits as specified in the do}_ail part drawing after stabili-
zing parts at an ambient temperature -63_5°c for this test.

3.7.9 Acceleration, Semiconductors shall be capable of operation within limits

: as specified in the detaill part drawing after subjected to a constant
acceleration of 20,000g's per Method 2006 of MIL-STD-750, with the semi-
conductors so oriented that the acceleration vector is in the direction
(normally in Y, orientation only) most likely to produce mechanical/
bonded intercomnection failure.
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3.7-10

3.7.11

3.8

3.9

3.10

3.11

3.11.1

Yacuul. Semiconductors shall be capable of operation within limits as
specified in the detail part drawing after subjected to a pressure of 10~5
Torr (mm of mercury) at a temperature of -65°C ¥0oc for a period of 24 hour
Ko degradation or deteriorations of seal shall ogcur. T

Operating life. Semiconductors shall be capable of operation within limits
as specified in the detail part drawing when tested in accordance with
Method 1026.1 of MIL-STD-750.

Fallure Rapte. Semicomductors shall have a failure rate as specified in
the detail part drawing.

Physical Dimensions. The physical dimensions of the semiconductors shall
be as specified in the detail part drawing.

Marking. Manufacturer shall permmnently und legibly mark each part in
accordance with MIL-STD-130 with the following:

= Mamufacturer's Kams or Symbol
- Lot or Serial Number (as specified)
-~ Polarity (as applicable)

Part Idoxrt.iﬁcatiog&acubintz. Two-way traceability, that is, from a
particular semiconductor to a known lot and from a known lot to a parti-
cular semiconductor from that lot shall be mmintained when specified in the
detail part drawing. This information shall be immediately available to
McDonnell upon request. Part identification for this two-way traceability
shall include part serialisation per 3.11.1. Where this two-way traceadbil- r‘
ity defined above is not required to a particular semiconductor, lot
identification shall be provided as a minimm per 3.11.2.

Part Serdalisation, Semiconductors when required shall be marked with an
individual serial mumber. The serial number shall consist of a three digit
number ranging from "000" to "999" for each semiconductor part number.
Deviations to this range of serial numbers will be considered and a;

(by McDonnell) as Justified. The serial numbers shall identify each semi-
conductor with the applicable recorded data and manufacturer's lot or lots.
Bo serial number shall be duplicated for semiconductors with the same part
mumber., The serial mmber shall be on the semiconductor body (or as
specified on the detail part drawing).
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3.11.2 lot Identifjcation. Each semiconductor not requiring part serialisation
shall contain the manufacturer's lot identification number which shall
identify the semiconductor with the applicable rescorded data for a parti-
cular group or lot of parts included under the identifying lot number.

A manufacturer's lot is defined as a quantity of parts produced in one week
or less, from a single production line using the same design, materials,
manufacturing processes and specifications, and presented to inspection
for tests at the same time.A McDomnell Voyager Flight Capsule lot shall be
the group of parts to be subjected to the acceptance inspection specified
in 4.3. The lot of parts purchased to this specification shall be from a
single manufacturer's lot except where deviations have been submitted and
approved,

3.12 %Emm&mm. The variables data listed under (a) and
b) below shall be submitted with the semiconductor. In the addition to t|
paramster values, the punched card shall contain the individual semiconduc~

tor lot number or serial number, McDomnell paert number, date, etc. Data
recorded regarding a rejected McDonnell lot shall be forwarded to the
McDonnell Company. A copy of all required data shall be kept on file by
the manufacturer for a period of at least five years from the date of
delivery of the components. At the completion of the test specified in
4.3.4 the component inspection report form per Flgurs 1 shall bs completed
and submitted with each shipment of parts and data cards. Data submittal
shall include the following:

(a) Variables data on each of the critical paramsters specified at the
100% level for each semiconductor given the acceptance inspection per

> 1.3, ¢

(b) Variables data on all paramsters specified in the applicable detail
part drawing taken during final electrical measurements (post burn-
in) final elsctrical inspection (Group A inspectim).

(c) Data on all parameters specified in the applicable detail part drawing
following the Group B enviromment test per 4.3.7.

. AND QUALITY ASSURANCE PROVISIONS
.1 Gensral. Implemsntation of the quality assurance provisions specified

herein shall be in accordance with the applicable requiremsnts of NPC 200-3.
The examination and testing of semiconductor devices shall be classified as
follows:

(a) Qualification Inspection
(b) Acceptance Inspection

REVISED:
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h.2 Qualification Inspection, Qualification tests are those tests performed
on devices to verify conformance to all requirements of this specification.
Unless otherwise specified the total qualification test sample shall consist
of 60 specimens which have not been previocusly subjected to life testing.
The specimens shall be subjected to the 100% Process Preconditioning and
Screening, the group A and B tests and the fajlure rate life test of the
detail specification, as follows: All specimsns shall be subjected to 100%
Process-Preconditioning and Screening, Group A tests and the Failure Rate
1ife Test. For group B, testing the specimens shall be divided into three
groups of 20 specimens each. The first group shall bs subjected to the
tests specified in Sub-group 1 and 2 of Group B; the second group shall be
subjected to the tests specified in sub-group 3 of Group B; the third group
shall be subjected to the tests specified in the remaining sub-group of

Group B.
4.2.1  Post Qualification Test End Points - The end point tests specified in the

individual detail specification shall be performed after the intermittent
life test and after each Group B sub-group test where end points are
specified. Failure of one device in ons or more tests of a given sub-group
will be charged as a single fajilure. Fallures in excess of those allowed
for each group shall constitute qualification failure. Devices subjected
to qualification inspection may be shipped except for destructive testa
which include solderability,soldering heat, moisture resistance, terminal
strength, salt atmosphere and salt spray. Complimnce with these require-
ments qualifies the mamufacturer for the following 12 month period

provided design changes are not made during this time.

-’_h.B Acceptance Inspection. Acceptance Inspection. Acceptance inspection con- L‘
sists of the following inspections:

(a) Dimsnsional

(b) Visual

(c) 100% Process-Preconditioning and Screening (Burn~in)
{(d) Group A Rlectrical

(e) X-ray (diodes and transistors); Color (Micro-Photographs (Integrated
Circuit - see 4.3.7)

(f) Group B Envirommental
Electrical measurement methods shall conform to the applicable requirements

of MI1-STD-750. The McDonnell Outside Production wuality Assurance Depart- 9
° ment shall be notified at least one week in advance of the scheduled date
for performing acceptance inspection on semiconductors purchased to this E
[
>
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L.3 Acceptance Inspection (Coptinued)

specification. lots which are rejectable via sampling inspection may be
screensd 100 percent for the failing characteristics and may then be
resubmitted one time to inspection., In addition, McDomnell reserves the
right to sample test each 100 percent inspection requiremsnt for each lot tq
a 2 percent LIPD level and reject any lot that does not meet the require-
ment. The 100 percent process-preconditioning and screening tests in
4.3.3 are not required to be repsated when they are already included in the
manufacturers normal production processing.

4.3.1 Dimensiona) Inspection, Dimsnsional inspsctim shall be performed on the
sexiconductors at an LTPD of 15 percent as specified (Ref. Table I for
minimmm requirements).

4.3.2 Visual Inspectiopn. Visual inspection shall be performed at a 100 percent
level as specified in the detail part drawing and specification 207-780011
as applicable. Semiconductors not meeting the visual inspection criteria
shall be rejected. Integrated circuits shall be micro-photographed in

gelor, per 4.3.7.

4.3.3  )00% Proceseo-Precopditioning and Screening. The semiconductors in the lot
shall be subjected to the following tests., The test methods employed shall
be in accordance with MIL-STD-750., The envirommental tests shall be per-
formed prior to the burn-in inspection of 4.3.3.7. Test 4.3.3.1 thru
4.3.5 shall be performed in the following sequence.

’A.B.B.l High Temperature Storgge. The semiconductors shall be subjected to a high
temperature storage per MIL-STD-750, Method 1031.1 at a temperature of
200°C minisum.

4.3.3.2 Temperature Cycling. The semiconductors in the lot shall be temperature

cycled in accordance with MIL-STD-750, Method 1051.1 (MIL-STD-202, Method
107B, Test Conditiomn C).

4.3.3.3 Constant Acceleration. The semiconductor shall be subjected to constant
acceleration in accordance with MIL-STD-750, Msthod 2006. A minimum centri-
fugal acceleration of 20,000g's shall be applied, with the semiconductor so
oriented that the acceleration vector is in the Y; axis direction {or that

axis which will most likely produce mechanical bonded interconnection
failure).

4.3.3.4 Hermetic Sea) Tests
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b.3.3.4.1

b.3.3.4.2

4,3.3.4.3

4.3.3.5

ﬁ 4.3.3.6

Gross Lesks. Each semiconductor shall be tested in accordance with
NIL-5TD-202, Method 112, Test Condition A. Any indication of eir
escapement from vithin the semiconductor case shall be cause for device
rejection.

Fine Leak. Each semiconductor and metal cased diode shall be tested in
accordance with MIL-STD-202, Method 112, Test Condition C s Pr ure
IIIA or IIIB. Semiconductors with leak rates in excess of 10-° ata-cc
per second shall be rejected.

Glass Diode Seal Test. Each glass cased diode shall be subject to an
hydraulic pressure of 100 psig in a solution of isopropyl alcohol with
coloring dye for two hours. JFollowing pressurization, rinsing, and
drying, each diode shall receive & reverse current test and an
operating vibration test (see 4.3.3.5). The time interval between
pressurization test completion and start of the electrical tests shall
be at least two hours, but not to exceed eight hours. Diodes exhibiting
reverse leakage in excess of the limits specified in the detail part
draving, ionic contamination (indicated by mobile hysteresis progressing
in the high current direction) or dye penetration shall be rejacted.

rat - Vibration Test. Where specified, each semiconductor shall be

ec to a simple harmonic vibration having a minimum of 0.1 inch
double amplitude displacemsnt at a frequency of 60 + 2 cps for & minimum
period of 30 seconds. During vibration continuocusly monitor the reverse
characteristic, swept at €0 cps, to the inverse current or voltage speci-
fied. Devices displaying flutter, drift, dynamic instabilities or shift #‘

in trace shall be rejected.

Pre-Burn-In Electrical Measurements. Each semiconductor in the Voyager
Fiight Cspsule lot shall be l\TbJecf.ed to electrical measurements of the
critical parameters (100% level) specified in the applicable detail
part draving. All variable data shall be recorded.

4.3.3.7 Burn-In rational Life Test. Each semiconductor shall be subjected
to a burn-in (operational 1ife test) at the electrical level and tempera-
ture for 168 hours as specified in the detail part drawing.
k.3.3.8 Post Burn-In Electrical Measurements. Same as pre-burn electrical
measurements except that limits including delta or parameter incremental
changes shall be as specified in the detail part drawing.
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. shall be identified with device part number and serial number and deliv- b
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v

k.3.4 Group A Electrical ction. Group A electrical inspection shall be
porgom by 1ot %o as specified in the Group A inspection, Table
II of the applicable detail part draving. The minimum sample size to
assure a Lot Tolsrance Percent Defective (LTPD) specified with 90%
confidence for various failure acceptance numbers (a) is shown in
Table I of this specification. The rejection number (r), equals a + 1.
The acceptance sample size required to sssure the specified LTPD shall
be selected from Table I of this specification by the manufacturer.

4.3.5 PFinal Visual ction. Mnal visual inspection shall be performed at
a percen vel. those semiconductors which meet the visual
inspection criteria specified shall be shipped.

4.3.6 X-ray Examination. Unless othervwise specified in the detail part speci-
® istor and diode not permitting internal visual

lnlpection shall be photographed using an X-ray machine of sufficient
power to shov the internal comstruction. Integrated circuits shall be
micro photographed per 4.3.7. Bufficient definition is achieved when
free particles of solder or other foreign matter ope mil in diameter can
be determined. A series of x-ray photographs shall be taken perpendicu-
1lar to the longitudinal axis (in two mutually perpendicular planes).
The x-ray photographs shall bs identified to assure traceability to the
individual semiconductor vhen part serialization is required. Acceptance
criteris shall be in accordance with McDonnell 207-780011.

k.3.7 %ﬂic Records. Each integrated circuit shall be photogrsphed at
magnification, in color, Just prior to final seal. Photographs

ered with the devices. Photographs shall have sufficient resolutiomn to
shov scratches in the conductor paths, particle inclusions, etc.

L.3.8 Gro& B Environmental Inspection. Semiconductor parts from the same lot
pped per 8 specification shall be sample tested as specified
in the Table III Group B Inspection of the applicable detail part
draving.

L.y Failure Accountability. A complete accounting of failures and modes
(i.e., human error, instrumentation, parsmetric, or catastrophic) shall
be submitted to McDonnell on all accountable and unaccountable failures
occurring during acceptance inspection.

5. PREPARATION FOR DELIVERY
5.1 Unit . The semiconductors shall be individually packaged to
case and leads during shipment. Each unit package shall be
clearly marked as to semiconductor types, serial number and lot number.
Packags design shall be subject to McDonnell approval prior to usage by
the manufacturer.
GENERAL SPECIFICATION REV| MODEL [voL
Praws| B ) |apero VOYAGER FLIGHT CAPSULE
keveex| APPRD D 3 ’
e | S T
207-780003
APPRD APPRD ST. LOUIS, MO.
MAC 1202A (REV 4 AUG ) ’ mDE lDENT NO. 7630‘
APPENDIX A 1

REPORT F694 ¢ VOLUME III ¢ PART E 31 AUGUST 1967
MCDONNELL ASTRONAUTICS




4

5.2 P of Shimins Containers. The unit packages shall be packed
in the shipping containers in a manner to provide maximum protection
from shock and vibration during transit; and in the order of ascending
serial number or groups of serial numbers, to facilitate and minimise
bhandling subsequent to delivery.

5.3 Marking of Shipping Containers. Each shipping container shall be marked
with the manufacturer's name, part designation number, date code and lot
number.

5.k sn%ﬁ(mu Documentation. The certificate of compliance and the data
req in 3.12, 4.3 .4 shall accompany each shipment of parts.
The IBM cards shall be punched and interpreted, and packed in numerical
sequence in suitadble boxes, labeled as to component type, lot number and
serial number range. The data cards for rejected parts shall be segre-
gated from the cards for accepted parts and all cards submitted with the
lot. For integrated circuits the photographs reguired in Paragraph
k.3.7 shall also accompany the shipment.

gcess Flow Chart Documsgiatlion, The vendor shall sutadt to McDommell
for acceptance a flow cha ¢ £ the entire processing from incoming
materials to final shipment. All processes and inspection points shall
be identified by the applicable internal specification mumbers to include
revision and date. The disposition of this documsntation shall also be
indicated. Subsequent to McDonnell acceptance, changes must be
reported to NcDormell before shipment of parts.

.’J 6. NOTES, Mot applicable. J‘,
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Lot Number Specification
Part Number P. O. Number
Manufacturer Date Received
Lot Size Sample Sise
Quantity Accepted Date Completed
Quantity Rejected Lot Disposition
Date Code Part Description
Lot S/N Range Sample S/N Range
Tests No. Rejects No. No. Insp.
Performed Initial Date| Rejects Date Rejects Date Stamp
Maas. 2nd Meas, 3rd Meas.
1 nitial vis
2
iy
2>
8
9 1 Visual

Serial Numbers of Rejected Parts

Test 1 | Test 2 | Test 3 [Test L, | Test 5 |1 Test 6 | Test 7 | Test 8 | Test 9

Remarks:
Quality Assurance Manager
Figure 1. Sample Component Inspection Report Form
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TARE I

Minimm Sample Bize to be Tested to Assure an LTPD for Small Lot Quantities

Maximum 15 10 5 1
LTPD
Acceptance Minimum Sample Size
o 17 22 hs 2n
1 28 38 K 3%
2 38 52 105 533
3 kg 65 132 668
N 58 78 159 798
_’_ 5 68 91 184 927 L¢

6 T7 104 210 1054
7 81 116 234 178
8 95 128 258 1300
9 10k 1o 282 122

10 ns3 152 07 1541
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APPLICATION QTY/ | FIN. REVISIONS
NEXT ASSY JTUSED ON] ASSY | ART. (TR DESCRIPTION DATE [APPROVED
DETAIL PART DRAWING
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LIMITS UNLESS  [DRAWNVD) 47, /202~ 7 MCDONNELL
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x=2.1 STRENGTH
xx = 1.03 GR ENGR INTEGRATED CIRCUIT
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VENDOR SYMBOL ADJACENT
TO PIN |
e 250-010-0
.0I2 REF.
y | - ['(i?ozros a[ 0172002 (TYP)
{ === | 10
= =" J
——(3 8 .2502.005
.0502.005 4 7 p—
(NOTE 2) ———(5 \ —
—'-Il \ SERIAL NO.
402010
240°00/==" \__ paRT NO
740%.010
006 MAX
> t I 004 MIN
t.032 MAX
010 MIN

Notes:

1. Lead spacing dimensions apply in this area only.

2. Tolerances are noncumulative.

3. Pin numbers for reference only and do not appear on part.

[ ]

[PRAWN APPRD INTEGRATED CIRCUIT REV] MODEL vet N
& kuecx APPRD FLIP FLOP, RST #
2 DRAWING NO. [SHEE
« faPPrD APPRD MCDONNELL 207-780007 | 2

ST. LOUIS, MO.
MAC 1z0zx ThTe % mes vr) 1 CODE IDENT NO. 76301
APPENDIX A
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SCHEMATIC DIAGRAM
[ ]
fpram APPRD INTEGRATED CIRCUIT REV] MOoEL VoL AT
§ kenecx APPRD FLIP FLOP, RST T sne‘nﬁ
> .
2 larPrD APPRD M‘fﬂgxy“"' 207-780007 3
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l S Q Clocked Set-Reset Direct Set-Reset
D—14 88—
I sc —g Sclf] @ |%|%| @
RCc—12
Ro—{7 3—20Q o7 o A\
10 ] 1 1 1
l 1 0 0 0 0
C v | N Jr 1] N
' Loglc Diagram Change Change
Truth Table
' Positive Logic Definitions: High Voltage = 1
Low Voltage = 0
I A Both Q and Q in 1 state until
either SD or RD rises
Clocked set-reset Q is the logic state after
' the first negative going edge of the clock pulse
L | at pin 10 with initial conditions before clock
' pulse ot SC and RC as shown,
Table |, Maximum Rotings 25°0)
l Characterlstic Min. | Mox. | Unit
Input Voltage (Pins 2, 3, 4, 7, 8, 9, 10) 0 + 8 v
' Output Voltage (Pins 3, 8) o |+ 8] vV
Vce (Pin 6) 0 +8.2 v
Vbb {Pin 5) 0 - 8 v
Input Current (Pins 2, 3,4,7,8,9,10) | ~30 | + 30 | MA
Ovutput Current (Pins 3, 8) -100 | +100 MA
Operating Temperature - 55 | +125 oC
. Storage Temperature - 65 +175 C
l Power Dissipation — 150 | MW
REV] MODEL [voL[AssY
[pRAwN APPRD INTEGRATED CIRCUIT NO.
l 5 necx P FLIP FLOP, RST
2 MCDONNELL DRAWING NO. [SHEE
@ JAPPRD APPRD ST. LOUIS, MO. 207-780007 4
l T PTTSTTo— i ) CODE IDENT NO. 76301
l APPENDIX A
' REPORT F694 ¢« VOLUME III o PART E e 31 AUGUST 1967
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REVISED:

Notes:

g

1.1

1.2

1.4
1.5

neral

2. Requirements

These parts shall be specified, procured and used under the McDonnell
approved part number 207-780007 (any vendor part number is for reference
only).

These parts shall meet all requirements of McDonnell drawing 207-78003
except as noted herein.

All tests and measurements shall be performed at a temperature of 25 £2°C
unless otherwise specified.

All symbols and abbreviations shall be as defined in MIL-5-19500.

All voltage and capacitance measurements are referenced to ground unless
noted. Positive current flow is defined at into the pin referanced. Pins

not specifically referenced are ieft open.

2.1 Electrical
2.1.1 Performance characteristics shall be as specified in Toble |i
(Group A) and Table IV (Group B) inspections. b
2,1.2 The maximum electrical ratings shall be as specified in Table |
when operated at an ambient temperature of 25°c.
2.2 Mechonical
2.2.1 Each device shall be of the design, construction and physical dimen-
sions specified herein.
2.2.2 leads shall be in accordance with MIL-STD-1276, Type K.
2.2.3 Devices shall be monolythic, planar passivated construction.
2.3 Environmental
2.3.1 Devices shall meet the end point test limits of Group B, Subgroup 2
before and after the sterilization heat test (6 cycles) per paragraph
3.7.1.1 of 207-780003.
RAWN APPRD INTEGRATED CIRCUIT REV] MOPEE [YOrINeT
FCHECK APPRD FLIP FLOP, RST L__L mﬁ
APPRD APPRD MCDONNELL 207-780007 5
ST. LOUIS, MO.
Hac 120z ev 4 ave 6y 4 CODE IDENT NO. 76301
APPENDIX A
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REVISED:

\ 4

2.3

2.4

2.6

Environmental (Continued)

2.3.2 Devices shall meet the end point test limits of Group B, Subgroup 2
before and after the ethylene oxide decontamination test (6 cycles)
per paragraph 3.7.1.2 of 207-780003.

Failure Rate

2.4.1 The qualification approval devices shall demonstrate a maximum
failure rate of 1.0 percent per 1,000 hours at 90 percent confidence
level. Failures are defined as devices which do not meet the Table Iil
(Group A) inspection requirements. During the life test, the devices
shall be operated at TA =425 12°C, dynamic operation at IOOKHz in

the circuit described in test circuit Figure 3.

b S 1

2,5.1 Each device shaii be permanentiy and iegibiy marked per McDonneii
specification 207-780003, paragraph 3.10 with the following:
- Manufacturer's name or symbol

- Serial number in accordance with McDonnell specification

207-780003, paragraph 3.11 ’

= McDonnell part number.
Quality Assurance

2,6.1 Qualification inspection shall consist of the examinations and tests
specified in Tables I, Il and IV in addition to the failure rate
inspection of paragraph 2.4.

2.6.2 Acceptance inspection shall consist of the examinations and tests
of Table 11 100 percent process preconditioning and screening and

Table 1l {(Group A) inspections.

REV MODEL JVOL | ASSY
[ORAWN APPRD INTEGRATED CIRCUIT NO.
femecx APPRD FLIP FLOP, RST
DRAWING NO. SHEFIT
APPRD APPRD Mc“DL oom&NMyEL.' 207-780007 6

MAC 12024 (REV 4 AUG 61) ’

CODE IDENT NO. 76301

APPENDTX A
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REVISED:

4

2.6 Quality Assurance (Continued)

2.6.3 Each device shall be photographed at 100X magnification, in color,

just prior to final seal. Photographs shall be identified with device
part number and serial number and delivered with the devices.

Photographs shall have sufficient resolution to show scratches in

conductor path, particle inclusions, etc.

2.7 Preparation for Delivery

2.7.1 Devices shall be prepared for delivery in accordance with McDonnell

specification 207-780003, paragraph 5.

REV MODEL |VOL{ASSY
RAWN APPRD INTEGRATED CIRCUIT NG,
fenecx APPRD FLIP FLOP, RST
DRAWING NO, SHEE
APPRD oPRO MCDONNELL 207730007 | 7
$T. LOULS, MO,

MAC 1202A (REV 4 AUG L AN ’

APPENDIX A

CODE IDENT NO. 76301
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CLOCKED MODE SWITCHING LEVEL

Input Pulse A:

4.0V 00ns = 10%
. ‘ 3.0v .' r
jé i 90%
3
Unit
90__ Under Test }—.oz ov 10%
‘ 10§l 5
inpot i L 500nS £ 10% -
Pulse
-2.0V input Pulse B: ..‘ 20nS £ 10%
= 4.0V
f=T100KC £ 10%
ov

10%
L 2uS £ 10% >I

Procedure:
a) Set Vg=1.0 Vdc; Vo=4.0 Vdc; momentary contact, V7 to ground.
b) Apply one input pulse to Pin 10.
.’ c) The device shall be rejected if it does not change state when the single input pulse is ‘
applied.
d) Set Vg=4.0 Vdc; Vo=1.0 Vdc; momentary contact, V4 to ground.
e) Apply one input pulse to Pin 10,
f) The device shall be rejected if it does not change state when the single input pulse is
applied.
CLOCKED MODE HOLDING LEVEL
a) Apply input pulses.
b) Set V3=3.4V, Vo=4.0V.
c) Momentary contact, Pin 4 to Pin 1, Vg shall be high ( > 3.5V).
d) The part shall be rejected if Vg does not remain high when Pin 4 is open.
e) Set Vy=4.0V, Vg=3.4V.
f) Momentary contact, Pin 7 to Pin 1, Vg shall be low (< 0.5V).
o g) The part shall be rejected if Vg does not remain low when Pin 7 is open.
FIGURE 1
REV] MODEL [voL[assy
[PRAWN APPRO INTEGRATED CIRCUIT NO.
g8 Fcuscx APPRD FLIP FLOP, RST
§ MCDONNELL DRAWING NO. [SHEET]
« lapPrD APPRD ST. LOUIS, NO. 207-780007 12

MAC 1202A (REY 4 AUG 61) ’

CODE IDENT NO. 76301
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90%

|
o 1.5V

- 90% }

1.5V 3.0V £ 5%

10%

10% 4|
20m+5% o] ||a o || 20m £ 5%

REPORT F694 ¢ VOLUME III e PARTE
MCDONNELL ASTRONAUTICS

e 31 AUGUST

1967

100nS + 10%
1.5v
Outpu et
Pulse g— 1 Off
1.5V
Note:
C_ includes jig and probe capacitance
SWITCHING TIME TEST CIRCUIT
FIGURE 2
REV] MODEL [vor[AssY
B i APPRD INTEGRATED CIRCUIT NO.
8 fernecx APPRD FLIP FLOP, RST
2 DRAWING NO, |SHEE
« larPrD APPRD MCDONNELL 207-780007 13
ST. LOUIS, MO.
MAC 1202A (REY 4 AUG 61) CODE IDENT NO. 76301
APPENDIX A
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. T 4vDC
. ‘4*:\/‘['—| IK IK §IK %m %IK
. f= IOOKC
INPUT
; . T
o] n " r» r
l I ? 9 V o O T | o 0 O ? ]
l 0 9 8 7 6 i09 8 7 6 I09 8 7 6
C SC @Q Rp Wg .
-Dﬁ UNIT UNIT UNIT
. UNDER UNDER UNDER
TEST TEST TEST
' ND RC Q Sp V8
2 3 45 | 23 45 1 2345
' JP J; l 8 «r Y ¢ J Q Jf 0
A
* -
| 1 '
DYNAMIC OPERATING CIRCUIT -2VDC
' (POWER BURN IN AND OPERATING LIFE)
FIGURE 3
DRAWN APPRD INTEGRATED CIRCUIT REV| MODEL jvoL1ARY
' 2 kereck APPRD FLIP FLOP, RST
E MODONN DRAWING NO, SHEE
= farPrD APPRD sT. LOUIS, MO, ELL 207-780007 14
' MAC 12024 {REY 4 aAuG [1D] CODE lDENT No- 76301
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Parts shall be procured directly from the manufacturers listed under the following approved

sources of supply:

Signetics Corporation (18324)
Sunnyvale, California

Part No. SE124G

The above listed vendors and designations are the only items and sources for parts specified
herein approved for procurement and/or use on McDonnell products. Vendors of competitive
articles may apply to the McDonnell Standards Engineering Department for approval as a

[ ]
source of supply.

pprawn APPRD INTEGRATED CIRCUIT REV] MOPEL fvOuLIASY
g knecx APPRD FLIP FLOP, RST
> DRAWING NO. SHEE
& larrrD APPRD MCDONNELL 207-780007 15

$T. LOUIS, MO,
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